Abstract. Let V be an algebraic curve. P is a set of points on V . C is a set of curves each of which intersects V at some points of P. We denote I P (C, V ) as the intersection multiplicity of C ∈ C with V at the point P ∈ P. If (V, P, C) satisfies the following conditions, we call it a symmetric set of curves:
Introduction
Let K be a field and C a curve defined by an equation F (x) = 0. If F ∈ K[x] then C is said to be defined over K, and denoted by V /K. We denote the intersection multiplicity of V with a curve C at p by I p (C, V ). Let P be a finite set of points on V and C a finite set of curves. Definition 1.1. A symmetric set of curves is a triple (V, P, C) which satisfies the following two conditions:
• for any point p ∈ P, the number of curves of C having intersection multiplicity a is exactly λ a , and • for any ordered pair (p, q) of distinct points of P, the number of curves C ∈ C satisfying I p (C, V ) = a and I q (C, V ) = b is equal to λ a,b . Note that λ a,b = λ b,a . We call V the base curve.
Let P = {p 1 , · · · , p n } and C = {C 1 , · · · , C m }. If (V, P, C) is a symmetric set of curves, an combinatorial m×n array [a ij ], a ij = I p j (V, C i ) is called a balanced array [1, 2, 4, 8] . A Balanced array may be called a partial or generalized orthogonal array. An orthogonal array is a balanced array with λ a,b = λ.
To construct a symmetric set of curves, we apply a vector space of rational functions over a finite field. We suppose in this paper that the base curve V is defined over a finite field.
Notations and definitions in this paper are due to [5, 6] . Let F q be the finite field of order q andF q the algebraic closure of F q . A point whose coordinates lie in F q is called a F q -rational point. A divisor D on a curve V is a formal sum of
where n p ∈ Z and n p = 0 for all but finitely many p ∈ V . 
From the Riemann-Roch theorem, we have the following result. Result 1.3. Let V be a curve of the genus g defined over a finite field
In the next section, we show a general construction of symmetric sets of curves using the Riemann-Roch theorem.
Symmetric sets of curves
We suppose in this section that V is defined over a finite field and D is a rational divisor over a finite field.
Theorem 2.1. Let V be a non-singular curve with the genus F ) ). Therefore the intersection multiplicity I p (f · F ) is equal to the order ord p (f ), moreover we have
, where p, q, r ∈ P. We can easily see that
When the genus g = 0, we can evaluate all dimensions of L(D p,q (α, β)) from the Riemann-Roch theorem for any pair (p, q) of distinct points and any pair (α, β) of integers. Since the cardinality (2.1) and (2.2) are not depend on points p, q chosen, (V, P, C) is a symmetric set of curves. 
is independent of points for any pair (α, β) then (V, P, C) is a symmetric set of curves, where
The necessary condition of the above theorem requires to prove for all pairs (α, β) whether M (p, q; α, β) is independent of points. We show that the number of checking is reducible in the next corollary.
If M (p, q; α , β ) is independent of points for any (α , β ) such that deg q (α, β) )| is also independent of points p and q chosen. Hence, from (2.2) in the proof of theorem 2.1, we can conclude that M (p, q; α, β) is independent of points for any pair (α.β).
Let V be a curve defined by an equation f (x, y) = 0, and let P = (x 0 , y 0 ) be a non-singular point on V such that ∂f ∂y (P ) = 0. Suppose that the following power series
where
satisfies the equation f (x, y) = 0. Let C be a curve defined by an equation c(x, y) = 0. The intersection multiplicity I P (C, V ) at P of curves V with C is the integer l such that
In general case of the genus g ≥ 1, it is not easy to find a point set P and a curve set C satisfying the necessary condition of the above theorem 2.2 or its corollary 2.3. We next consider a case that V is an elliptic curve, say g = 1.
Construction on an elliptic curve
Suppose, in this section, F q is a finite field with odd characteristic and F q m is an extension of F q . Let E be a non-singular elliptic curve defined over F q given by the equation
We denote an elliptic curve defined over F q by E/F q and its point at infinity by O.
Theorem 3.1. Let C be the set of all conics over F q m . Let P be the set of all F q m -rational intersection points of E and a curve E which excludes the point O and p such that
where a, b and c are coefficients of F , then (E, P, C) is a symmetric set of curves.
Proof. Let r be a point not in the set of intersections of E and E . Let D = 6r and F 0 a curve with div(
* }. We will show that M (p, q; α, β) is independent of points for any pair (α, β) satisfying α + β = 6 for any distinct points p, q ∈ P.
Let C be a conic defined by G(x, y) = g 1 x 2 + g 2 y 2 + g 3 xy + g 4 x + g 5 y + g 6 = 0. By substituting (2.3) into G, we have Hence, M (p, q; α, β) is independent of points for any pairs (α, β) satisfying α+β = 6.
The elliptic curve E is given by Since all coefficients of t must be equal to 0, we have
which is equivalent to the equation (3.1). Therefore the point (x 0 , y 0 ) is on the curve E defined by the equation (3.1).
We show here an example which constructs a symmetric set of curves obtained from the theorem 3.1. Let E be an elliptic curve defined over F 5 given by y 2 = x 3 + x 2 + 2x + 1.
Then points (0, 1), (0, 4), (3, ω) and (3, 4ω) , where ω is a root of x 2 + 2 in F 5 2 , are intersection points of E and a curve given by 4x 4 + 2x 3 + x 2 + 3x + 4 + y + 3xy 2 = 0.
Let P be the set of these four points and C the set of conics defined over F 
